Object. Angiogram-negative subarachnoid hemorrhage (SAH) accounts for 15% of nontraumatic SAH and has been reported with low morbidity and mortality rates. We report on a large series of patients with angiogram-negative SAH who experienced an atypical nonbenign clinical course.
I
n ~ 15% of patients with spontaneous SAH, no obvious source of hemorrhage can be demonstrated on cerebral angiography. 6, 13, 14, [19] [20] [21] The clinical course of these patients has been reported in the past to be benign compared with patients with aneurysmal SAH. We, however, had not found this to be true in patients with NASAH (nonaneurysmal SAH) at our institution. We reviewed our experience with patients with nontraumatic NASAH to determine the rate of associated morbidity and mortality.
Methods
We conducted this study under an institutional review board-approved protocol. All data were obtained and maintained with the protection of patient privacy, and in accordance with the Health Insurance Portability and Accountability Act guidelines.
Inclusion criteria for the study included age > 18 years, SAH documented by a noncontrast head CT or by xanthochromic CSF, and a negative cerebral angiogram. Exclusion criteria for the study included trauma, age < 18 years, and the presence of a cerebral aneurysm or other intracranial vascular abnormality.
All patients who underwent cerebral angiography for the diagnosis of SAH between December 2001 and November 2006 were identified. All medical records, CT scans, and cerebral angiograms were reviewed.
Ninety-five patients were initially included in the study. Six patients had aneurysms on follow-up imaging, giving a detection rate for second angiograms of 9.4% (6 of 64 imaging studies). The 6 patients found to have aneurysms on follow-up imaging were excluded from further review. Eighty-nine patients had no aneurysm or vascular abnormality ever identified, and their cases were used for the analysis.
Results
All patients underwent an initial diagnostic cerebral angiogram. Sixty-three of the 89 patients had at least 1 additional cerebral angiogram. Seven patients had 1 cerebral angiogram followed by CT angiography for addiClinical course of nontraumatic, nonaneurysmal subarachnoid hemorrhage: a single-institution experience tional imaging. Nineteen patients had no follow-up imaging after their initial diagnostic cerebral angiograms, with follow-up imaging defined as imaging performed a week or more after the initial imaging study. Three of these patients died before follow-up images could be obtained. One patient presented neurologically intact, 8 days after initial SAH. This patient underwent a cerebral angiogram on admission and was discharged home with no follow-up imaging. The remaining 15 patients have no documented follow-up from this institution, so additional imaging was unable to be determined. The methods of follow-up imaging are given in Table 1 .
The median age of the 89 patients was 56 years (range 20-88 years). Forty-four of the 89 patients were women and 45 patients were men.
Study patients were assigned a Fisher grade based on their presenting hemorrhage pattern on noncontrast head CT. The Fisher grade was 1 in 11 patients (12%), 2 in 16 (18%), 3 in 43 (48%), and 4 in 5 (6%) ( Table 2 ). In 14 cases (16%) the initial head CT was performed at another facility, and these studies were not available for review. The presenting Fisher grade could not be confirmed in these cases.
Three patients tested positive for cocaine and 1 tested positive for methamphetamine at the time of hemorrhage. Fourteen patients were known smokers at the time of hemorrhage.
Early hydrocephalus was determined by the need for ventriculostomy placement during the initial hospitalization. Early hydrocephalus, requiring temporary CSF diversion, developed in 22 patients (25%).
Late or persistent hydrocephalus was determined by the need for permanent CSF diversion via the placement of a ventriculoperitoneal shunt. Twelve patients (13%) had late or persistent hydrocephalus and required shunts. Of these 12 patients, 2 did not have diagnosed early hydrocephalus, and they were noted to have symptomatic ventricular enlargement during follow-up.
Vasospasm developed in 4 (4%) of the 89 patients studied. Two of these patients had a presenting Fisher grade of 3, and 2 had unknown presenting Fisher grades. In 2 of the patients with vasospasm associated infarctions developed.
Three patients (3%) died during their initial hospitalization. Two of these patients were moribund upon presentation, and their status never improved. One patient who arrived moribund had undergone prolonged resuscitation in the field and was assumed to have a severe associated anoxic brain injury. No posthumous examination was performed in either of these 2 cases. One patient was neurologically intact on presentation and then had a sudden cardiac arrest during a head CT on hospital Day 7. Autopsy revealed myocardial infarction. There was no evidence of intracranial vascular abnormality on autopsy. The Fisher grade at presentation was 3 in all of the patients who died. Two of the patients had early hydrocephalus, which was treated with placement of an external ventricular drain in both cases. Table 3 shows all the major complications noted.
Feeding tubes were placed in 7 patients (7.9%) during their initial hospitalization. Five patients (5.6%) required tracheostomy placement. Three patients (3.3%) developed deep venous thromboses. Two patients (2.2%) had myocardial infarctions during their hospitalizations. Two patients (2.2%) had new-onset seizures. Table 4 shows all of the additional complications noted during our patients' initial hospitalizations.
Discussion
A significant rate of morbidity and mortality was found in this single-institution review of cases of NA-SAH. This is in contrast to most published data concerning NASAH, which shows benign outcomes and few morbidities. [1] [2] [3] [4] [5] 7, 9, [14] [15] [16] [17] 19, 22 Previously reported rates of hydrocephalus in NA-SAH range from 0 to 15%, which is markedly lower than the 26% rate found in our patients. 4, 5, 8, 10, 15, 16, 22 This difference may actually be larger than our numbers suggest, as most of the previous studies report hydrocephalus based on increased ventricular size and do not remark on clinical status. We reported only clinically significant increases in ventricular size that were accompanied by symptoms of increased intracranial pressure. It is likely that this definition excludes many cases of asymptomatic ventricular enlargement that would have been included in previously published rates of hydrocephalus.
One reason for the difference in incidence of hydrocephalus may be the higher Fisher grade in our patients' CT scans: 48% of our patients presented with Fisher Grade 3 SAH, and 6% with Fisher Grade 4 SAH. Previously reported rates of Fisher Grade 3 are infrequent in patients with NASAH, and range from 10 to 33%. There are no previously reported cases of Fisher Grade 4 NA-SAH to our knowledge. * Without administration of contrast medium. † In 14 cases, the initial imaging studies were performed at another institution and were not available for review at the time of retrospective data collection.
The incidence of vasospasm in previously reported series of NASAH ranges from 0 to 15%. 1,2,4,5,7,10,11,14,16,18 In 1983, Beguelin and Seiler 2 described a group of 42 patients with NASAH. They reported 5 deaths in their patient group. All 5 of the patients who died were enrolled in the treatment arm of a study evaluating antifibrinolytic treatment as a potential means of vasospasm prophylaxis and received tranexamic acid daily for 3 weeks. The authors presumed that the deaths were secondary to ischemia from cerebrovascular spasm, although spasm was only documented angiographically in 1 patient. Because of the potentially confounding issue of treatment with tranexamic acid, these data cannot be considered representative of the natural history of vasospasm incidence in patients with NASAH.
A review of 143 patients with NASAH published by Jung et al. in 2006, 10 reported a vasospasm rate of 15%, although this may have included asymptomatic vasospasm. In our series, 4% of patients developed symptomatic vasospasm.
The incidence of cerebral infarction was 8% in 92 patients with NASAH reported on by Duong et al. 5 None of these cases appear to be related to cerebral vasospasm, and the etiology of the infarcts is unclear. The overall rate of cerebral infarction in our patient group was 2%, and all cases were associated with the presence of clinically significant vasospasm that was refractory to endovascular treatment. In fact, in spite of a relatively low overall risk of cerebral infarction in our patients, 50% of those who experienced clinically significant vasospasm went on to have associated cerebral infarction despite maximal medical and endovascular therapy.
The mortality rate in previously reported series of NASAH ranges from 0 to 12%. Beguelin and Seiler 2 reported that 5 of 42 patients treated with tranexamic acid for vasospasm prophylaxis died. Jain et al. 9 reported a 2.3% mortality rate in a series of 43 patients with NA-SAH, and Duong et al. 5 reported a 2.2% mortality rate in their 1996 article on their 92-patient series. In other case series involving patients with NASAH a mortality rate of 0% has been reported. Our study demonstrated a mortality rate of 3%, which is much lower than that associated with aneurysmal SAH. However, our data suggest that in spite of previous multiple reports of series of patients with NASAH in which there was no associated mortality, some patients with NASAH will die in the acute stage of the disease.
At time of discharge or at the time of the initial follow-up visit, 22% of patients had either died or required some sort of assistance with daily living that had not been necessary prior to hemorrhage. All other patients were neurologically intact and fully independent. There was a small subset of patients who complained of chronically persistent headaches but who were otherwise at their prehemorrhage baseline. Our outcome data differ sharply from previous outcome reports on patients with NASAH. Only 4 previous studies reported negative outcomes, and in those 4 studies the rates ranged from 2.2 to 12%. 2, 4, 5, 9 The discrepancy in mortality and morbidity data between our study and the majority of previous series of NASAH patients requires further investigation. Van Gijn and Rinkel have described patients with a particular pattern of NASAH on head CT referred to as "perimesencephalic." The pattern involves accumulation of blood predominantly around the midbrain and has been shown to be associated with a benign clinical course in multiple studies. [14] [15] [16] 22 It is possible that our patients had a more serious mortality and morbidity profile than those in previous NASAH case series because they did not represent a perimesencephalic pattern.
Review of all available head CT scans obtained at presentation in our series revealed that only 27% showed the perimesencephalic pattern of hemorrhage described by Van Gijn and Rinkel. [14] [15] [16] 22 It is possible that the term NASAH actually represents multiple disease processes, with one group being the patients with perimesencephalic hemorrhages, and another, potentially more morbid state existing for those patients with NASAH and other hemorrhage patterns.
Six of 95 patients with SAH and a single negative cerebral angiogram were found to have a cerebral aneurysm on subsequent angiograms, resulting in a false negative rate of 6.3% for initial cerebral angiograms in this study. Our detection rate of 9.4% for second cerebral angiograms suggests that follow-up imaging in patients with NASAH is indicated.
In our series, multiple modalities of imaging were used for initial and follow-up evaluation. Imaging modalities included cerebral angiograms, CT angiograms, and MR angiogram studies. Nineteen patients did not have follow-up imaging after undergoing cerebral angiography. Of those 19 patients, 4 had bad outcomes. The 3 patients who died did so before long-term follow-up data could be secured. An autopsy was obtained in 1 case and did not reveal any intracranial etiology of hemorrhage. It is feasible, however, that the other 2 deaths could represent patients who had underlying vascular abnormalities that were missed due to lack of follow-up imaging. No follow-up images were obtained in another patient in whom hydrocephalus developed, resulting in a total of 4 patients with bad outcomes who might have had vascu- lar abnormalities missed because of inadequate followup imaging. Nevertheless, all patients with bad outcomes underwent initial imaging with more than 1 modality and follow-up imaging was performed in some of these patients as well.
Conclusions
This study suggests that NASAH does not always follow the benign clinical course proposed by previous studies, and that significant morbidity and even mortality can be seen in the context of this disease.
Further investigation is indicated to elucidate possible differences in outcome for patients with NASAH and a perimesencephalic hemorrhage compared with those with other hemorrhage patterns.
